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HOLYOKE DIKE

PERTINENT DATA

Location ~ West benk, Commecticut River, Holyoke, Massachusetts,

Ares protected

Type of property protected

Elevetions (Above Meen Sea Level Datum)

Dike

40 acres

Industrial

H + Top of wall : Average low
From Stetion 1+ To Stabtion : or dike -~ water -
: : BElevation :+ Hlevation
-(6+41) :0+90 : 79,0 : 56,0 to 55,9
0+90 15+90 : 79,0 Lo 78,67 ¢« 55,9 to 55,8
5+90 :8+00 s 79,87 to 80,0 : 55,8 to 55,7
8+00 $11+10 : 80,0 1 55,7 to BbB.5
11410 :33+59,22 : 80,0 : 55,5 to 52,5
33+59,22 :34+58,83 : 80,0 s+ 52,5 to 51,7
34+58,83 :Pailrace Ho, 6 : 80,0 to 79,83 : 51.7
Tailrace No, 6 :36+62,80 + 79,83 to 72,58: 51,7 to 51.0
36+62,80 :Stop-log Ko, 5 : 79,58 51,0
Stop-log No, 5 :B+22,28 : 79 .58 51.0
B+22,26 :B+361.72 s 79.58 to 78,82: 51,0 to 80,4
B+361,72 :Toillrace No. 7 78,92 : 80,4 to 48,3
Tailrace No, 7 :141+27,29 : 78,92 : 48,3
41+27,29 1453+64,29 : 78,92 to"78,42: 48.3 to 48,1
43+64,29 :Tailrace No, 8 : 78.42 48,1
Toilrace No, B :144+55,77 : 78,42 48,1
44+65,77 :149+488,09 1 78,42 to T7.33: 48,1 to 47.8
49+68,09 :Tailrace Neo, 9 : 77,33 47,8
Tailrace No, © :5C+57,09 : T7.33 47,8
50+57,09 152+25,70 1 77,33 to 77.0 ¢ 47,8 to 47.6
52+25,70 :Tailrace No, 10: T7.0 : 47,6
Tailrace ¥o, 10:53+59,81 H TT40 : 47,6
*#55+59,61 :55+06,13 ¢ 77,0 to 75,50 : 47,6 to 47.5
55+06,13 :Tailrace No. 1l: 76,50 : 47,5
Pailrace No, 11:56+69,13 : 76,50 47,5
56+69,13 :158+01,45 1 76.50 to 76,25: 47,5 to 47,3
58+01,45 tTailrace No., 12: 76,25 47,3
Tailrace No, 12:59+79,12 3 76,25 47,3
*59+79,L2 160+35 : 76,25 47,3

*Dike grades between Station 53+59,8) and 59+79,12 are 210"
higher then elevations shown,

Maximum height
Total length (3 sections)
Total iwpervious fill
Total random f£ill

Total topsoil

12 feet

380 feet
2,000 cu,yds,
2,400 cu,yds.
500 cu,yds.



Concerocte Talls -~ Type of wall Cantilever and bubtrass
Moximum height (above ground) 18 fect

Gates ond Maximum hoight (abave top of base) 23 faat
Stop-log Totol longth 5,020 fect
Strucutres Reinforcing stecl 2,320,000 lbs.

Steol sheet piling (5,500 linear foot)

Concrote - Class "aA"
Conerebe - Class "BY

Pumping Statlons -

136,000 sq.ft,
11,400 ou,yd.
10,4580 cu,yd,.

[Per PP

tinside iFloor : Type
sHeight: of

Sta-: Ab
tion: Tail<Dimene

:Horsc:
sPower: Bach Pump sPumps:

Wo, : Sta, :Cranes

C"nu."'

Capacity @

No, straco:sion of:Above ¢ Pump tElec~3at 17t head: per : clty :
1o, :Builld- : Sump': ttrie :Sta,
$ i ing ¢ sMotor: T.P.M., = G.P.M.:
1 vl leteST 21’—0“-Propullcr- 100 14,000 s 2 :28,000: 1
: : by % 'typo : : : $
3 019‘-6" s s s . H v‘
A IV AL TR L 6“—Propcllor' 100 ¢+ 14,000 + 2 128,000: 1
: : by : -type : t 3 : 3
o $ 200" : : : :
T T LT oI0 s TV O BrenelTers 125 s TR0 8 5.3 000- 1
: ¢t by type : :
: 20t 0" : : : :
4 :10 -17'-10" 22V -0"s Propollor L 17,600 '+ 2 :35,000: 1
s + by s s H : t :
: :201-0" : : : :

Gote Structures -

Longth of:Height over:length of

Teilraces No, of :Size of Gate Openings:
No, : Gates Hoight ¢+ Width : Strucutre: Tailracc :Wingwnlls
1& 2 ¢ 2 : 11320" s 11%-0F p 27ruhl 2870 2 15t-4Y
: : 11tWOM ¢ 11tLDT :
4 : 2 12107 14v.0V 0 F4TLBTTT 287.8" 3 HNone
: PR A e L T /S B o L : 3
8 : 1 s 121.0" ¢ 3407 ¢ 191207 39t-10" : Hone
7 H 3 110" o 131-0T o 48T.4aT Br-11" . 40t
: 11t-0" . 1310V : : 371-5"
: 1rt-0" . 13t.O" : ]
8 : 2 110" 13101 ¢ 30187 351.5T . 300N
: 110" 13r-0" L : ¢ 311.0"
?] : 1 ¢ 12t-0" 14107 1guo" R LY TV E Iy
: : : : : v 300N
10 : 2 1 11'-0% s 10'-0" : 26- -5 3 35107 1 89t.0O"
: ¢ 110" . 10t-O" : : 10t-0"
11 s 1 :  11tOM . 1ETeOM 18700 351.B6" ¢ T2Y.BV
: : - :  721.6"
12 : 2 110" 10%-0" ¢ 27r=8" KL I AR - Iy L
110" 10t-0" :  751.0"




I. INTRODUCTION



I, INTRODUCTION

A, AUTHORIZATION, < The Flood protection works from the Holyoke Dam

to HMosher Street ere a pert of the local protection works for the City of

Hdiyoke; Massachusetts, The original wnroject is included in the Compre-

herisive Plan of Flood Control for the Connecticut River as deseribed in

House Document No, 455, 75th Congress, 2d Sessgion, and is authorized under

the Flood Control Act approved June 28, 1938,

B, NKECESSITY FOR THE PROTECTION, - A consideroble arss bhetween the
Holyoke Dam and iMosher Street was inundated curing the great flood of 19356
which caused extensive damage, This area, which forms part of the City of
Holyoke, 1s fully ocecupled by industrial plonts, Among the importont
properties in this scotion are ths municipal gas and electric »nlants,
Valley Paper Compeny, the Holyoke Water Power Company, and six divisionsl
plants of the American ¥riting Paper Company, To cffect complete protecw
tion during flood stages, the tallraces ﬁust bo shut off from ths river
and the elevation of thg weber in them and behind the protoctive works
held below a level at which demage within the ares would begin, Vhile
the flood gates on the tailrace conduits are closed the industrisl plants
comnot utilize their water power,

C.,' DESCRIFTIOR OF EXISTING WATER POYER DEVELOPHENT, - Adjacent to

the area to be protected and partially within it therc exists o vwater
powor development system ovmed and operatcd by the Holyoke Water Power
Compony, This company has built a dem across the Comnecticut River and
diverts water through c systom of canals as shovn on Platc Bo, 2 en-

titled "General Plan,” Those conals run bohind and sbove the industrial




plents which draw waber from the canals and develop their individual power
reguirements by use of water wheels of wvarious sizes and capacities. Some
of the plants use water for their manufacturing processes and draw this
waber also from the canals. All vwoters drawn'from the canals are dis-
charged finally into the various wasteways and tailraces as indicated on
Plate No. 2.

D.  CONSULTATIONS WITH CITY, RATLROAD, ANWD OTHER OFFICTALS. - Before

and during the actunl design of the protective works, comsuliations were
held with representative officlals of the City of Holyoke, the Holyoke
Water Power Company, the Amoriecan Writing Poper Company, the Valley Paper
Compony, and the Now York, Now Haven and Hartford Roilroad. The alignmont
of the proteetive works, the individunl plant dischaorgos to take core of,
and their related problems affeeting the industrial plants were the main
subjcets of discussion. Trock clonrances roquired ot the stop-log strue-
turcs and other points were discusscd with the railroad offieials and
their cngincors. Mothods of providing for the humorous drains from the
Holycke Gas ané Bleetric plaﬁts viere discusscd with the supcerintendont

of the plants. The final designs for theso proteetive works have beon
proparod vrith o view tovard o minimum disturbonce of the coxisting plants
and railroad and te give due consideration not .to homper any futurc de-

volopmonts.

E. = DESCRIPTION OF THE PROTECTION 1/ORKS.

le Geoneral. - Platos No, 1 and No. 2 show the gencral location
of this projoct. An initial scetion known as the "Initial Fiscal Year

1939 tnit" is now under construction by hired laber forces of the District.



This section extends from the Nes 1 overflow of the Holyoke Vater Power
Company First Level Cansl, downstream 600 feet with similar type wall con-
struction as described at the upstream end of the "Fiseal Year 1939 Sectiocn.”

The continuation of coustruction from the "Initial Piscal Year
1939 Unit" as covered in this Analysis of Design will be imown as the
Fiscal Year 1939 Section and extends to Mosher Street.

It was originally proposed %o build an earthen dike along the
alignment but the space or groumd arca required cntailcd huge property
damagos and construction cosbs, and the ccnerebe wall was adoptod as an
ceonomical olternatc. The tobal lengbh of the conercte wall will be ap=-
proximatoly 5,020 fcot with an aversge height of 12 feet above ground.

A total length of approximatcly 380 foot of carth dike with an avorage
height of 6 feot will bo uscds A sbeel shoot piling cubofl of total
length of 5,500 lincor feobt is provideds, There will be four pumping stos
tions, five stop-~log structures, nine goate structurcs ond onc concrcte
plug irn an obandoncd tallrace conduit.

2.  Area between the Holyoke Dam and No., 2 Wasteway. - The pro-

tective works will form a continuetion of the initial uwnit and will con-
sist of o similar type of conerete wall following the top of the bank
around the Holycoke Gas Works to the No. 1 and No. 2 tallraces as indicated
on Plate No. 2 entitled "General Plan." In this areas the wall will have

a concrete aprom, placed on the fuce of the existing masonry wall, and |
will extend from the base of the vertical stem of the flocd wall to o
conercte or sheet piling cutoff in ledge rock., Elsewherc the wall will

be of the cantilever type with the base four foob below the normal ground



surfocc, and will have a steel sheet plling cubtoff to ledge rock or im=
pervious materials, One railroad stop~log structure (Stop Log No. 1) will
be provided in this strebch of wall for the New York, New Haven and Hart-
ford Railroad siding servicing the plants within the protected area. Ab
Teilrace Noe 1 a gote structure and a pumping station will be built. The
gate structure will be used to shut off the tailrasce during high-water
periods, thus preventing dameging backwater. The pumping station will
receive and discharge the seepsge and dreinage behind the protccted arca
involved. A wvchicular stop~log structure (Stop Log Nee. 2) will be built
adjocent to the pumping station to permit accoss, as now coxists, to the
Gos Works from North Bridgo Stroct. Fron Stop Log Noe 2 the concrote wall
will oxtend to the bonk of the First Lowvel Cannl paralleling Conduit Ho.
3+ The portion of the flood wall and above-montioncd structurcs betwoon
the initial wnit and the bank of the First Level Conal will comprisc o
conplete wnit of flood protection.

3¢ Noes 2 Wmstewny., - Conduit Noe 3 is an overflow wasteway

from the Second Level Canal; enptying into Mo. 2 Wasteway, and must be
kept open to aveld inberference with the operations of the indusbtrial
plants in the upper areas. This overflow also provides some protection
for the protected orcas against overtopping of the Sccond Level Canal and
bank if the Holyoke Water Power Compenyfs head gotes at the danm failed to

close completely.

liv  No. 2 Wasteway to South Hadley ¥alls Bridge (County Bridge).-
The area between Conduit Nos, 3 and North Bridge Street is protected on the

landside by the bank of the Second Level Canal and on the riverside it +rill




be protected by the proposed flood wall and structures mentioned herein-
after, The flocd wall in this ares will begin on the south side of Con-
duit Nos 3, at the . ank of the Second Level Canal, and will have an align-
nent parallel to Conduit No. 3 to a vehicular stop-log structure (Stop
TLog Hoe %) at Wasteway No. 2. Stop Log Nos % will form a part of the
general plan, in conjunction with Step Log Nos 2, %o provide access to

the Gas Works from North Bridge Street. From Stop Log Noe % o concrete
wall will extond ko Tailrace Noe L where thore will be o pumping stotion
and o gobe structurs. The wall will then continue on neross Tailrace

Nos 5, where therc will be a concrete plug in the conduit, to a railroad
stop~log structurc (Stop Log Woe li) and then to tho north side of North
Bridge Strect near the County Bridge. The stecl sheot piling ocuboff will
continue through the bridge approoch to the scuth side of the South Hadloy
Falls Bridgo.

5e South Hadlcy Falls Bridge te Mosher Strect. - The conerete

wall wil) begin egain at the south side of North Bridge Street and will
extend across Tailrace No. 6 to the pumping statiocn and gate structure at
Tailrace ¥oe 7. Onc railroad stop~log structure (Stop Log Nos 5) will be
ingtalled in the wull Just scuth of Taillracc No, &, The concrete wall
will then continue across Tallraces Ho. 8 and Ne. 9 to the pumping station
and gate structurc at Tailrace Nos 10. Gote structures are to be built
ot Tailraces Ho. 8 and Noe 9.

From the gato structure ot Tailrace Neoe 10 o conercte wall will
oxtond to o scotion of carth dike, which rws to Moshor Streot, intercepted

by gate structurcs Nos. 11 and Hoe 12 ond their wingwalls., Steoel sheot



piling will be »rovided under the full length of these protection works
except where the concrete structure is keyed into the rocl: foundations

G Provisions for handling webter within the areas protected. -

& General. ~ The construction of these vrotective worls
will result in preventing natural drainage, seepage from the canal system
and sewage from reaching the Connecticut River dwing high-water peoriocds.
A detailed discussion of the quantity of water invelved will be found in
Section IV D. To nrevent the éécumulation of this aforementioned water
et dameging levels, four pumping stebions ﬁill be built to discharge The

water into the Comnecticut River during the flood periods,

b. Drainage systems. ~ The drainage systenm in the area

vpstrean from He. 2 Wastewsy will be a continuebion of the drainage syse
tem for the "Initial Fiscai Year 1939 Unit," now under construetion. The
combined system will drain en area of approximetely 7 acres and will con-
sist generally of a V.C. pipe drain laid with open Jjoints in a gravel
trench which will follow the landside toe of the flood wall throughout

its lengthe. The elevations of the drains, conduits and nines are estab-
lished to naintain the water level beck of the prote;tive woerks ot least

2 feet below the 1. el of the besencnts of the wvarious plantse. These base-
nents ere cornected direet to tailraces by draing, hence nc hydraulic grade
need bhe ccunsidered. Tnin the combinred system, there will be 25 inlets with
grating covers which facilitate turning surface runceff into the drainage
syster; 8 of these inlets are in the "Initial Fiscal Yeer 19%9 Unit."
Along the riversiée of the asrea the drain will slope from the Holyoke Veter

Power Conpeany snillway (at the upstream limit of the "Initial Fiseal Yeer 1979



Unit") and from n divide point on the north bank of No. 2 Vastewny oppo-
site Tailrace o, 4 to on inlet located about midway between these two
points, vhere the combined discharge is diverted inte en l8-inch pipe
which will drain into Tailrsce No, 1. Hach of the two drains along the
river will have a by-pass about midway in its length whiech will permit
droinage water to discharge dircetly through the flood wall into the river,
gate valves being provided 4o closc thuse outlets during high-wabter puriods,
Along the north bank of No, 2 Wastoway, the drain will slops from the di-
vide point opposito Teilroce Ko, 4 to Toilrace Wo, 1 and will dischargo
back of the flood gates, Along the west side 6f Tailrece o, 3 the drain
will slope from the end of the flood wnll at the First Lewvel Canal to
Tailrece Fo, 2, which will discharge back of the floed grtes at Tnilrace
No, 1, Thus, tho water table in this cntire arca mey be hold constant by
the pump installation at Pumping Station ¥o, 1. There will be twoe short
lengths of rock drain trench in this arca, near the First Level Canal snd
ncar the junction of Mo, 2 VWasbewny end the Comnceticut River, These
'rock drains will discharge into inlets connected to the frainage system,
Existing drains and pipes which ot nrosent dischargoe into the river or
No, 2 Wastewny will be cared for elther by comnecting them to the drainage
system, of by carrying them through the flood wall and vroviding a gate
valve to close them during high-vater periods. The latter method has beon
adopted wheorever the discharge is of such naturc that it-ight be objecction-
eble in the drainage systom or pumping installation,

The aren, from No, 2 Vastowny to the South Hadley Bridge, has o

total drainage arca of about 7 sercs, To care for the surface drainago



within the protected area, inlets (10) will be provided at points of conm
centrated flows adjacent to the flood wall, The pipes commecting these
inlets will be leid with open jolnts in a gravel bed and sloped to Pumping
Station No. 2 st Tailrace No, L« The drains in all cases will be as low
as or lower than the base of the landside toe of the flood wall and will
provide & means of accelerating the runoff of seepeage behind the wall as
well as lowering the ground-woter table. For a short distence, the drain-
age tronch end pipes will be under the landside toe slab due te limited
spacc between thoe well ond the existing buildings. Where the gravel road-
wey lics on top of the landside tow slaob end the drainage troneh is undew
the slab, woeep holes and lateral rock drains will be provided, Under the
railroad tracks, ond in other placcs subjeet to possible oxbreme loads,
cast-iren pipe, with open jeints, will be used, 2ll other piping will bo
of vitrificd elay. The landsido toc slab of Steop Log Noe 4 will be covered
with a bedding of grovel and the slab sloped to drain the "pocket" formed
by the construction of the strueturc. There the rclogatod roilrond tracks
will bo elosc to the wall, it vill bo ncecssary to leave the wall with the
main drainenge systom, and use lateral rock dreins to drain the area affected.

From the South Hadley Falls Bridge to Mosher Street the area
presents e simpler problem of drainege, A simple system of open joint
pipes or rock draing will be used draining to two pumping stations. No
difficult probléms were encountered in this area and the standard drain-
age practices were applied. Sewsge lines as ihtercepted will be divgrted
into the new systenm.

¢, Tallrace gabes., - The elevations and sizes of the




(Classes 2, %, L, and 5), (%) moderately impervious formetion (Classes 6
and Ty, and (L) iwp. evious formation (Classes 8, ¢, 1C, and 11).‘ Seepage
through the artificial overburden (fill), which contscts the river for
the entire length of the proposed dike, will be greatly reduced lty steel
sheet piling. This piling is driven to rock where practicable or to such
depth as to prevent piping or excessive seepage. Any seepage that does
occur will be effectively handled by a drainage system located in

back of the wall.

B. BORROW ARELAS, - Two boryow areas for embankment materials are

proposed as shown on Plate lo. 9 titled "Borrow Arecus.”™ The source of
impervious materisls is Area "B" whore deposits of mixed meterials graded
from gravel or coarse sand to medivm or fine silt ocour. The natural
moisture content of this material is only slightly above that necessary
for maximum compaction end no trouble should be experienced in placing it.
Pervious materials are available in Area "C" where coarse to medium

sand deposits ocour,

C. EMBANKMEILT MATERIALS. - Mechunical analysis curves of typical

%amples of materials encountered in the contemplated borrow areas are shoﬁn
on Plate No, 12,

Compa.ction characteristics of the proposed selected impervious
end rendom impervious borrow mmterials are expressed on Plate No. 13 in
terms of dry compacted weight in pounds per ecubic foot, and water content,
per cents These characteristics are typical of resulits obtained from
Proctor analyses performed upon samples of soil from the proposed borrow

area for impervious material. The curve indicates that e maximum dry

- 15 =



IT, SELECTICN OF ALTGNMENT AND TYPE OF PROTECTION



IT. SELECTION OF ALIGNMENT AND TYPE OF PROTECTION

As SELECTED ALIGNMENT. - The selected alignment as described in

Seetion I E is comsidercd to be the most cconomical and practicable of
any of the possible alignments, as more fully explained in Parsgraph B,

It affords protection from floods and high water to all plants in the

ares from the dom of the Holyoke Water Power Company to Mosher Streeb

and also to all reilromd sidings in this area with the exception of about
1,000 feet of side track between the upstream side of No. 2y¥osteway and
o point about 2Z5L0 feet dowmstresm from the County Bridge. The flood

wall eontinues from the Initial Fiseal Year 193 Unit, which is uwnder con-
struetion by hired laobor, and which begins ot the abutment of the No. 1
Wasteway, and ties into the First Level Canal bank on the north side of
Wasteway Noe 2 skirting the industriel properiy on the riverside.
Beginning again at bank of the Second Level Canal, the flood well continues
through the £ill for the approach to the South Hadley Falls Bridge to

high groumd on the riverside of the railroad tracks just upstream from
Mosher Street,

Be OTHER ALIGNMENTS CONSIDERED., - Three alternate alignments were

considered which would afford protection to portions of, or all of the
1,000 feet of railroad track mentioned above.

l. The fifst which would cross No. 2 Wasteway and continue
downstream on the outside of all railroad tracks, thus giving the railroed
complete protection wes rejected because it required blocking the No, 2
Westeway which must be kept open during high water %o prevent flooding

of the area from the Second Level Canal, Pumping weas considered in
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connection'with this plen, but the excessive cost and maintenance of
such a pumping station could not be justified by the additional pro-
tection to be gained.

2¢ The second albternate consisted of carrying the flood wall
around No, 2 Wasteway as in the selected alignment, and outside of all
reilroad tracks except at the trestle across No, 2 Wasteway. This
alternate involved a wall resting on lower ground, and 2 crossing under-
neath the County Bridge, theilower truss members of whioh extend nearly
3 feet below the grade of the flood wall, and 1t was rejected because
the additional cost of the higher flood wall and alterations to the County
Bridge was not justified by the possible cost of any demages caused to
the railroad by the flooding of this 900-foot length of track.

3¢« The third alternate consisted of installing an additional
stop-log structure about 200 feet dowmstream from Tailrace Nos I which
would eliminate the necessity of relocating the railroad siding in this
areas This alignment was rejected beecause of the increased costs due to
railroad relocation and also because another opening in the wall would be
necessary, adding greater neintenance costs and complications.,

Lie Alternate aligaments for portions of the flood wall down-
stream from the County Bridge, which involved moving the wall closer to
‘the railroad tragks to take advantage of the slightly higher ground, were
discarded because they introduced more difficult construction and more

interference with the railrosd, and did not justify the small saving in

cost of the slightly lower wall,

5. None of the alternate alignments mentioned above affords
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additional protection to the City of Holyoke or to any of the mills
adjacent to the Connecticut River, the sole beneficiary in all three cases
being the New York, New Haven and Hartford Reilroad, It is believed that
the annual cost of this damage would be far less than the amval cost of
protection against such damage.

C. TYPE OF PROTECTION. ~ A concrete flood wall was selected for the

entire project with the exception of about %80 feet at the downstream end.
Upstream from the County Bridge an earth dike was impracticable on account
of the linited clearances, Dowmstream from the Count& Bridge an earth
dike was considered, but the height and consequent bhase width made

the dike impracticable exceplt at the lower end of the project, where the

flood stage is only a few feel above the natural ground surface.
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ITT, GSOIL IBVESTIGATIONS

A,  SITE AND FOUNDATION CONDITIONS, - The upper portion of the over-

burdon throughout the cntire length of the proposed dike locotion conmsists
of £ill., Subsurfacc explorations indicatelthat the natural ground surface
of the original river bank is deeply buried, the filled ground coxtending bac
from the present river 5ank for some distance, Foundation investigations
were made by meons of wash borings, dry samples being obtoined frequently
by means of standard sampling equipment., The location and record of these
cxplorations arc shown on FPlates Nos, 3, 4, 5, and 6, titled "Subsurface
Explorations No, 1, No, 2, No, 3, and No, 4," resnectively, Table I gives
the soils classification as adopted by the Providence District,

The fill noted sbove ranges in thickmess along the proposed dike
location from about 7 feet to sbout 27 feek, This is indicated on Flate
No., 7 titled "Geologic Section." The fill comsists of earth materials
together with varying emounts of cinders, brick, and debris, Explorations
indicate that in general the f£ill lies on two different types of natural
deposits, One of thesc is a porvious formation composed chiefly of Class
5 with soﬁe Classes 3 and 4, The other depesit is a moderately impervious
formation composed of Classes 6 and 7. These two formabtion predominate
with minor lenticuiar beds of impervious Classes 8, 9, 10, and 11,
Numerous boulders and decomposed shale Ffragments were encountered in the
overburden throughout the entire length of the proposed dike,

Rock outerops occur in the river bed at the upper end.of ‘the dike
from Station 0+00 %o about Station 8+50, (See Plate No, 3,) Downstream

from this point, cxplorations indicate ledge at varying depths ranging
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from elevation 50 to below elevation -10, The rock is a thinly bedded
shale hecominpg sow what sandy in places and varying from red to grey
in eolore The upper portion of the shale for & depth of from 1 to 5
feet is weathered and fractured.

The various soil classes recognized in the Providence Soil Classi-
fication, some of which are noted above, are described in Table No. II and
shomm grephically in Plate FHo, 8 titled "Diasgrem Showing Limits of Soil

Classes."
TABLE NO, I

Coefficient of Permeability+

General Type: Class :

: Clte /5GCo M ft;]ﬁfﬁ;w“__——n
hiform PN : 170 = T,00 : 210 =800
s L : 20 - 120 : ho - 2ho
6 : 5 - 20 : 10 - Lo
2 8 : 1 = 5 3 2 - 10
110 or 10C : O;l - 1.0 H 002 - ?.O
:12 or 12C Less than 0.1 s Less than Q.2
Variable 1 Greater than 1000 Greater then 2000
3 200 - 1000 : Lo - 2000
5 50 - 200 : 100 - 400
7 : 15 - 50 : %30 - 100
S H 3 - 15 : 5 - 30
r 11 : 0.2 - 340 : O = 6.0
:1% or 13C : Less than 0.2 : Less than OJ1

*fhe values in the sbove table must be multiplied by 10-M.
Tablie Nos I indicates the range limits of permeabiliby for each class
of overburden materisl, These values have bean determined from laboratory
tests of both undisturbed end disturbed samples. The principal use of
this table is as a guide for evaluabing relative permeabilities,
As indicated on Plate No, 7, "Geclogic Section," the dike foun;
dation is divided into four distinet zones of varying permeability. These

are shown as (1) artificial overburden (£ill), (2} pervious formation




(Classes 2, %, L, and 5), (%) moderately impervious formetion (Classes 6
and Ty, and (L) iwp. evious formation (Classes 8, ¢, 1C, and 11).‘ Seepage
through the artificial overburden (fill), which contscts the river for
the entire length of the proposed dike, will be greatly reduced lty steel
sheet piling. This piling is driven to rock where practicable or to such
depth as to prevent piping or excessive seepage. Any seepage that does
occur will be effectively handled by a drainage system located in

back of the wall.

B. BORROW ARELAS, - Two boryow areas for embankment materials are

proposed as shown on Plate lo. 9 titled "Borrow Arecus.”™ The source of
impervious materisls is Area "B" whore deposits of mixed meterials graded
from gravel or coarse sand to medivm or fine silt ocour. The natural
moisture content of this material is only slightly above that necessary
for maximum compaction end no trouble should be experienced in placing it.
Pervious materials are available in Area "C" where coarse to medium

sand deposits ocour,

C. EMBANKMEILT MATERIALS. - Mechunical analysis curves of typical

%amples of materials encountered in the contemplated borrow areas are shoﬁn
on Plate No, 12,

Compa.ction characteristics of the proposed selected impervious
end rendom impervious borrow mmterials are expressed on Plate No. 13 in
terms of dry compacted weight in pounds per ecubic foot, and water content,
per cents These characteristics are typical of resulits obtained from
Proctor analyses performed upon samples of soil from the proposed borrow

area for impervious material. The curve indicates that e maximum dry
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compacted weight o 130 pounds per cubic fool can be obtained at an opbimum
weter content of G2 per cent.

Tests for meximum and minimum density were performed upon
samples of the soil from the proposed borrow aresa for free-draining moterial.

Averages of the values obtaincd arc as follows;

i

10L.47 1bs./cu, ft.

Maximum density
88.5 1bs,/cu. ft.

Minimum density

Assuming the "degree of compaction” for mazimum stability to be
8C per cent, it is indicated thal the most desirable density to be obtained

in the embankment is 101,0 1bs./cu.ft. This was determined from the

equation
B="°%-°
o ¢ P
in which Py = degree of compaction, per cent
e = void ratio of material in embankment
6 = void ratio of material at minimum density

ey0p™~ void ratio of material at maximum deasity
Values of the angle of internal friction, @, as obtained by
direct shear tests, are within the range 33° - 37° for all types of borrow

meterials encountered in the contemplated arecas.
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TABLE IIX.

SOIL CLASSIFICATION
U.S. ENGINEER OFFICE
PROVIDENCE, R. I,

——p——

CLASS : DESCRIPTION OF MATERTAL
1 : Clean Gravel. - Conteins little coarse to mediwm send.
2t Uniform Coarse to Medium Sand. - Contains little gravel and
fine sand.
3 . Variable - Graded from Gravel to Medium Sends - Contains little
fine sand. ‘
L ! Uniform Medium to Fine Sand. - Contains little coarse sand and
' T coarse silt.
5 ! Variable - Graded from Gravel to Fine Send. - Comtains little
. T ¢oarse silt.
6 t Uniform Fine Sand to Coarse Silt, - Comtains 1ittle medi un
sand and medium silt,
7 ! Variable - Graded from (ravel to Coarse Silt. - Contains little
: medium silt. ' .
8 | Uniform Coarse to Medium Silt., - Contains little fine sand and
° fine silt,
9 , Variable - Graded from Grevel to Medium $ilt, - Contains little
fine silt,
10 f Uniforn Medium to Fine 8ilt. - Contains Little coarse silt and
: coarse cley, Possesses behavior characteristics of silt.

10 C : Uniform Medium Silt to Coarse {lay., - Contains little coarse
silt and medium cley. Possesses behavior charscteristics of
clay.

11 ' Variable - Graded from Gravel or Coarse Sand to Fine §ilt,

* T Contains 1ittle coarse clay.

12 ¢ Uniform Fine Silt to Medium Clay. - Contains Iittle medium silt
and fine clay (colloids). Possesses behavior characteristics
of Silto

12 ¢ 3 Uniform Clay. - Contains little silt. Possesses behavior

) characteristics of clay, '
13 : Variable -~ Graded from Coarse Sand to Clay. - Contains little
: fine clay (colleoids). Possesses behavior clurecteristies of silt.
13 ¢ . Variable Clay. - Graded from sand to fine clay (colloids).

rossesses behavior characteristics of clay.

¢ .
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IV. FLCOD HYDRAULICS

A, DESIGN FIQOD. - The design flood on which the dike grade is based

iz the maximum predicted flood reduced by the 20 reservoirs comprised in
the Comprehensive Plan of Flood Control for the Connecticut River Basin.
The determination of the maximunm predicted flood iz discussed in Appendix 1
of "The Report of Survey and Comprchensive Plan for the Comnecticutb River,"
dated Mareh 20, 19%7, and published as House Document No. L55. It has a
peak discharge at Holycke of 300,000 cefes., approximately 20 per cent
greater than the waximun flood of record.

B. FREEBOARD. = The survey report proposcd a uniform frechboard of
3 feet for both ooncreté walls end carth embanlment. This was, based on
consideration of wave feteh and velocity, The Board of Enginecrs for
Rivers and Harbors rocommended that, since the entire regervoir plan might
not be offeective for some time, the carth scetion be raiscd 2 feet, thus
giving a frocboard of 5 feot for all carth dikes. The design has been
modificd to mcot this rccommondation, Conercte walls worce designed to
withstand a flood grade higher than tho pfoposod top of wall, in accord-
ance with ingtruetions from the 0ffice of the Chicf of Engincers. A fur-
ther provise that the walls should be at least up to the grade of the 1936
flooa was found to govern the grade of the wall for a very short scetion
near the South Hadlecy Falls Bridge,

C.  COWSTRUC™TON AND DESIGN GRADES. » Tho proposcd construction and

dogign grades Ffor eomercte walls (mean soa lovel datum) shovm below have

boeon uscd as the contrelling gradeos,
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Grade . Design

Recom- Grade
Type Approx. mended for
of Report  for Con= Con~
Dike Station struction crete
Upstream end of wall (Initial FPis~ Concrete 0 739.0 81.7
cal Year 1939 Unit) ‘
Railroad gap | " 9+0 80.0 81.5
Upstream side So. Hndley Falls Bridge " | 31+68 80.0 Bl.4
Dovmstream side So. Hadle& Falls oo 32+1% 60.0 81.L
Bridge
" 51+60 770 )
Earth 51+60 78.7 '
" 56+95 78
Concrete  56+95 76414 79.3
" 57+60 7614 9.3
Berth 57+60 784
High ground " E8+95 78.2

D. . PULPING REQUIREMENTS. - Storm runoff from the area between the

Second Level Cannl and the dike; headgate leakage into the power plants
from the cannlsy flood gate leokage into the taillroce conduits from the
rivers seopagerfrom the concl and secpage from the flood wall must be
pumped during flood poriodse. The folleowing assumptions ond estimates
were made to doberrine this quantity of wmtor te be pumpod:

First: During flood poriods all hcad and tailrace gates, stop logs
end pipelimes in the walls must be closed.

Sccond: The arca rceciving rainfall is cpproximately L0 acres, the

runoff waos ostimated to have o moximuwn voluo of L0 cefes., corrcsponding

to a rate of onc ineh per hour.
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Third: The headgete leakage woas cstimated by making certnin rational
assumptions aos follows:
Assumo 1/8=inch crack around the entirc periphery of cach gate

and one gate opeoncd 1 inch from bottom ot cach pump location.

Avorage head on upper portion of gates = 12 feot,

Head on bottom of gates = 16 foct,

Assuming ¢ = 043 for crack around gote, wvelocity of flOW'théroforo
cquals 8,1y foot per sccond.

‘Discharge per foot of erack oquals 0.088 cufese

Assuning ¢ = 0.6 for opcning ot bottom of gatos.

Velocity of flow cquals 1942 feoet per sccond.
Dischorgo por foot of crack cquals 16 cuefyse
Fourth: The flood gato leakape was estimated by the following as-
sumptions: 1t wos ostimabed that 1/2 celass w3 the leakage for coach gnte
at Tailrace Structurc Nos L. The leakoge at the other gotes in the section
was then proportioned with regord to size of gate aﬁd head of water,
Fifth: Seepage from the canal walls was estimated by making the fol-

lowing assumptions:

Poth of percolation = 100 feet.

Head of wabter = 10 feet nverngs.

Tronsmission constant of the material = 0.31.

Porosity of the matericl (grain size 5 average 0.6 mm.) = 0.0,

Velocity equals 0,078 feet per minube,

Seepage per 100 feet of woll drsining to Tallgate No. 1 equals

1.014. CQf.S.

- 20 -



Dwing to the dota presented by the Holyoke Woter Power Compony
as to the smoll loss by seepage in the other areas conccrned, the reduced
hecad of the Sccond Level Canal, the age of the existing conal banks and
their observed behavior, the scopage has been reduced to 0.75 c.f.s.ypor
100 feot of wall.

§E§EE; Scepage from the proposed flood woll was estimated after the
following assumptions werc mado:

Arca upstroam Gatc No. 1 and Noe 2 (walls koycd into rock) =
0405 0efese vor 100 fecte

Arca betweon Goato Noe 1 and No. 2 and South Hadley Falls Bridge
(piles to rock) = 0.1 cefese por 100 foob,

Arco from South Hodley Falls Bridge to Mosher Streot (piles in
pervicus material) = 0.2 cefes. por 100 foot,

Following is o tabulation of the results of the aobove assumptions:

:Procip.:Gatoe LOﬁkﬂg Soopqgc : Total Water :Design: Design Re-

Tail s 100% ¢ : : sRoquircs quiromonts
Gate :Runoff: Hoad : Taill : Cmnnl Wﬁll s 3 s monts ¢ for Pump Sta,
tcefegetc st figteal e fesd CafeSe ZoDeMe? FuPoella? ZaDalle

Noo 1 ¢ 8,0 20,2 ¢ 0.9+ 1l 0,9 & L. :18,580:27,870: (1) 27,900
Noe Lyt 741 1 19.0 1 140 1 6,08 142 1 34.% :15,L00:23,100: (2) 23,100
Hoo 6 ¢ L0+ 5.6 0,62 3,0: 0,9 : 1h.1 :-6,330: 6,330:

Noe 7 ¢ 3.6t 25,011 1.5 2,00 1.0 ¢ 31.5 :14,140:21,210: (3) 34,400
Noe 8: 3,5: 7,03 loeht 2,60 0.8 : 15.% : 6,870: 6,870:

Nos 9% 3.8 B35 T 046 1 2,1% 0,9 % 10,9 ¢ L,900% 1,900

NWoe 20t 2,8 % 19,2 ¢ 1,0 ¢ 2.0t 0,6 ¢ 25,6 :11,1,90:17,2,,00 600
Noe 11° 3.1 % 2.2% 0.53 2.6 0.6 ¢ 10,0 ¢ L.L90t Lohgo: () 32
Wo, 120 L1 2 Leb t 1,01 3,00 0.6 13,3 ¢ 5,970t 5,970%

Totals: 40.0 :105.7 + 8.5 ¢ 3L,7: 7.5 119644 :88,170: :

H : H : H H

Note: Numbors in wrrontheses arc Pumping Station numbers,
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Seventh: A comparison of two alterneste methods of pumping, viz,, by
individual pumps ot coch plant, or ﬁy g system of four pumping stations,
each serving = group of vlants, showed that the latber system would be
morc cconomical and satisfeetory and it wos therofore adopted,

&s shown by the foregoing tabulation, the pumping station ro-
quirements arc based on a 50 per cent increase of cstimoted discharge
valucs for Pumping Stotions No, 1 and o, 2 and 50 por cent increasc of
ostimated valucs for Gates No, 7 and No, 10 for Pumping Stotions Wo, 3 and
¥o. 4 rospeetively, The inereascs in pumping station capacities over tho
minimum amounts ostimated arc necessory to provide greater depondobility
and flexibility of opcration, As each stetion will have two pumps, one
will be able to take corc of all normal discharges when the other is not
abloc to operate, (Sece Scetion VI B 6 for sizes of pumps and number finall:

adopted,)
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V. BARTH EMBANKMENT AND DESIGN CRITERIA

A,  GENERAI, DFSIGN, - After a carcful study bo adapt the stondard

dike scetion of the Providence Distriet o the conditions at the site,
it was determihed, in view of cconomy ond good cnginecring practice, to
modify the standard scetion for this particular stroteh of dike, The
revised dosign has on imporvious core around and Wbove the sheet pilc
cutoff, Thc slopos are of randem pervious meterials with o landside
toc drain to carry ony scopage to the dreinage system and pumping
stations, The slopes are such that the scetion is considered stable
for a ropid drop of the river and affords congidersble rosistance
against scepages The danger of crosion is considered slight and no
riprap will be provided on the dikes, A shzot pille cutéff is neccessary
throughout the length of the projcet, since the wabter toble must be
held to about Elevation 63 back of the dike,

B.  DESIGN CRITERIA. - The dike is designed snd constructed to

sotisfy the following oriterias

1, The crcst of the diko is at such s grode that there is
ne dangor of ovortopping (Scetion IV A).

2s  Tho frecboard is sufficient to reduce greatly the dangor
of overtopping by waves {(Section IV B),

3¢ The slopes of the diko arce sueh that with the materials
used in comstruction they will be stable under all conditions (Sectien
V A)e

4, The linc of saturotion is well within the landside toe

(Adequate impervious core provided)s
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5. Water which passes through and under the dike will,
when 3t comes %o drains, have a veloolty so small thet it is incap-
able of moving sny of the meterisl of which the dike snd foundetion
is composed {for foundation, sec Section I and Scetion ITL A).

6.  There is no possibility for the free passage of water
from the riverside to the landside face of the dike {sufficiont im=
pervious cors and sheet piling).

7. Ho materials soluble in wetersrs used in any part of
the dike (Scetions III B and C).

8. The foundation is sufficiently stable torwist undue
stresses caused by the embaniment load (Section IIT A).

Q. Secpage through the dike and fowndation will bo reduced
to a total quantity well within cconomic pumping limitations {Scetion

I7 D).
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VY. VECHANICAL DESIGN

A FLOOD GATES, ~ Under the existing conditions, the flood waters
from the Comnecticut River produce reverse flow in the tailrace condults
discharging from the various plants. To prevent this reverse flow and
subsequent inuvndetion of the buildings due to flood heights in the river,
gates will be provided in the outlet structure of all tailrace conduits.
The gates will be of the plain verbtical slide type controlled by manually~
operated hoists located on top of the outlet structures.

- It is assumed that the teilrace flood gates will be closed under
balanced or ncarly balanced head conditions for when the river reaches a
eritical stage and it becomes necessary to close the tailgates, the plants!’
heaed and turbine gates will be closed first. The stoppage of flow will
result in the water swrfaco becoming practically level in the tailrage
conduits at am elovation equal to the river stage. It is also assumed
that the gates wili be reised uwnder epproximate balanced hcad conditlions,
as the protoction afforded the inelosed arce would bo lost if thoy were
raiscd while any considerable head of water was imposced on thom by the
rivor. Should & hoad of water be built up against the gates from the
tailracc side, the gates would be pushed from the guide scals and the
gatc loakage would cqualizc the water surfoces on oithor side in a short
period of timc.

The gates arce designed for moximum hoad conditions assuming thet
the river is et fleod stage and the tailreco btumnel dry. Where soveral
gotos of tho samo size arc uscd in diffcerent outlets, the design is predi-

cated on the moximwmn lood conditions ot eny onc of the similar outlots.
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The gates will be rectangular in shape and made up of a series of horizon-
tal wide flange steel beams to whiclh skin and side plates are attached.
No member will be stressed greater than 16,000 pounds per square inch under
full load conditions., Seals will consist of bronze removable strips. The
gates will be operated in structural steel guides securely embedded in
conerete.

Each gate will be connected to two pedestal type hand-oporated
hoists by mcans of threaded stems. The holsts will be connected to each .
other to insure wmiform reising and iowcring of the getes and to prevent
binding.

B. PUMPING STATIONS.

1, General. - Prior to the scleetion of the pumping equipmont,
a detailed study was made to determine what prime motors should be em-
ployed to drive the pumps. Casoline engines and electric motors were con-
sidered with reliability, maintenance, ease of oneration and first cost
being the principal peints in gquestion. The conclusion reached was that
the uvse of electric motors is definitely more desirable than gasoline en-
gines at this site bebsuss four independent sources of power arc available.
They ére also relatively simple to operate and require little maintenance.,
The total cost of eleetric motor drive is more thanlthat of gascline en-
gine drive, owing to the fact that it 1z nccessary to provide substations
in order to obbvain power ab a svibtable operating voltagc.. In determining
the type of drive to be employcd, some consideration was also given to the
fact that whon the flood prdtectivc works arc about to be cmployed there

will bc numerous gnbtos, valves and stop-log structurcs to close. This will
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require a large force of men and should the pumps be gaseline engine driven,
a larger forecce would be requirced to start and operatce thom than if they
were cleetrie motor driven.

2 Elcciric power supply. - Thers are four independent sources

of power available. The first is the municipal system which generates
power by steam and distribubes it at 1,600 volts prinecipally for lighting
purposes. The second is the Holyoke Water Power Company Hydro Station end
the third is the Holyoke Water Power Company!s combined steam and hydro
station, In additi.n, the Holyoke Water Power Company stations and the
municipal system are tied in with the primery distribution system of the
Turners ¥alls Power Company. The Holyoke Water Power Company distributes
power at 6,900 and 13,800 volts principally for industrial use (see Plate
No. 2l for location of nower stations). The threc Holyoke power stations
are interconnceted so that any one of them can furnish power to the other.
An examinstion of the operation of the powor systems during the floods of
1927, 1536, end 1938 wnd the protective moasures sinmec provided them, in-
dicatc that they can be considored depondeblc.

3+  Elcetrical distribution systom. = Tho distribution systom

for supplying cleetric crergy to tho pump mobtors will be made up of twe
750 kveo. outdoor substations and the distribubion lincs o cach pumping
station., The first substation will be located adjacont to Pumping Sta-
tion No. 1. Beceausc of its acccss to tho distribuﬁion linces of both power
systoms, the transformers will be nrovided with dowble primorics for the
two voltages (13,800 end L,600 volts)e This will enable them to be ener-

gized from either source of powers No regulating taps will be provided
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because of the close regulstior maintained by the power systems. The 2,500
volt feeders (2) from the secondary will pess underground and up to the
main feeder discomicting switch on the staticn switéhboards. The sceoond
substation will be located adjacent to Pumping Station Noe L. It will bo
tied in to the 13,800 volts primary distribution line of the Holyoke Wator
Power Company. The 2,300 velt fecders from the socondary will be handled
in a similar manmer to those in the first substation.

Inter-stetion connecting lines will bo sectionalized to isolate
faults and to provent an oubage of the entire distribubion system as would
bc tho case 1f they were integral for the whole longth of the systom.
Isolation of faults will be accomplished by meens of time diroctional ovor-
current relays arrenged with their time sebiings eascaded so as to reduce
to a minimum the nmumber of pumping stations shut down. All pumping sta-
tions will be interconnected by two three-conductor rubber insulated leaded
cebles run in fibre conduits which will be embedded in the concrete flood
wall.

Ly Pumning station electrical equinvment. ~ The control for

metors and feeders ¢ each pumping station will be centralized at the sta-
tion switchboerd. At Pumping Shations Nos., 1 and L, substation feeders
will be controlled by menuelly-operated circuit breakers of the oil-filled
type having = rated interrupting capacity of 25,000 kv.e. The breakers
will be equipped with tbtime overcurront roleys and locking reclays Yo pre-
vent the closing of cither bresker while the station bus is alrcady cncr-
gized. Cirecuit breakers for sceticnalizing the lines between stations

will be menually opereted ond will be provided with time dircetional over-
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current releys. Breskers for motor conmtrol will be menually operated and
will be provided with thermal overlead and time delay undervoltage pro-
tection, The thermal overload device will previde rumming overcurrent
protection to the motor. All tripping of main and inter-stetion feeders
will be by means of alternating current from current transformers through
tripping reactors. ‘See Platc Wo. 28 for cirecuit diagram,)

5 Electrical operation. = In order to illustrate the runetions

intended, assume that the system is being fed by the main fceder located
et Pumping Station No. 1 and o fault occurs on the line bobween Pumping
Stetions Nos. 3 snd L, The circuit bresker on the inter-station fecder
between Noe 3 and Noe /4 will oper and the fault will be clearcd. All
pumping stotions, with tho excepbion of No,. 4, will continue to oporatc.
The faulted line cloarcd by the ecireuit breaker would then be substituted
for by tho other line paralleling it, Pumping Station FNoe lp would be ro-
licved of its load by the time-delay wnder-volitage relays on caech motor
and would be cnergizod again by rocomnceting the inter=-stetion feoeder
breakerse Then tho moter load would be thrown on and the pumps would ro=-
sume opcrotion.
6.  Pumps. - The principel requirements affecting the selection

of the type of pumn to be installsd were as follows:

as  chey should meet the conditions as to head and capacity.

b. They should poss such debris as might accunulate in
the sumps.

G They should have such choracteristics that vhen the

elevation of the swyp wober ond the flood waters are ot their maximum, the



pumps will deliver their meximum discharge, and that when the elevation
of the sump watcr is at its minimum and the flood waters at -thelir naxinmum
the pump should not reach the "shut-off" point. This is desirable to re-
duce stop and start.operation:tm e minimum.

The above conditions cen successfully be met by the axial flow
type of pump. It will meet the heasd and capacity requirenents, pass small
drift, snd the propeller can be readily designed to meet the characteris-
tics desired. Considering the criteria employed in arriving at the pump-
ing station capucities, two pumps were provided for ot each station. Only
one pump might be installced to deliver the required capacity, but it would
not provide amy flexibility in operzbtion snd, conscquently, would result
in considerable stop end sbart operation-except ot peak flood conditions.
Furthermore, the i ~tallation of two pumps provides o moargin of safety
in thet if one pump should fail the other would prevent flooding except
under the nost severc conditicns,

A study of the characteristics curves for various sizes of pumps
indicates that two 2L~inch pumps can be employed to best advantage in
Pumping Stations Nos. 1 and -2, and two 30=-inch pumps in Pumping Staticns
Nos. % and Li. The 2L~inch pumps will have a rated copacity of 1,000 gepem.
at 17~-foot total hends The 30=-inch punmps will have a rated capacity of
17,500 gepeme ot 17-foot total hecd., (See Plates 29 to %2, inclusive, for
punping station capacities.)

T Lighting systen., = The lighting systen for each pumping

station is made up of a & kv.a. transformer which delivers durrent through

a lighting panel to the overhead lights, convenience outlet and flocdlightse.
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The floodlights will be used to illuminate the various gate structures in
the event that it becomes nccessary to operate the gates during the nightb,

8. Hstimated cost, ~ The preliminary studies made to dotermine

‘what mothod of drive should bo cmployed, -involved the making of detailoed
estimntes ond floor layouts for both gascline cngine and slectbric motor
drive, It was determined from the floor layouts that any structure which
would house one scheme would house the other, This is nccountoed for by
the faect that the addiftional area required for the swifchboard for clecw
tric driven pumps offscts the smaller space reqired for the mobore and
the total space is sufficient for the gasoline engines, Therefore, it may
be regarded thet the size of the pumping station has been dictated by the
pump spscing requirements rother thon by the mothod of drive, In view of
this fact, the question of structurc cost has boon disrogarded in the come
parison of the cstimntes,

The proposodlgasoline ongine drive provided for the use of hesvy
duty industrial typc engines would be capable of continuously driving the
pumps through a right anglc gear unit et their rated specd undor any head
condition developed. Thoy would be mounted on comercte bascs and be dirced
connceted through flexible couplings to right angle geor units, The gear
wnits would be of the self-contained type designed for transmitiing the
power from the horizontal engine shaft through a set of special bevel goars
to the vertical pump shaft,

It is cstimated that the cost of all mechanical ond eldetrieal
oquipnent nceessary for electric metor drive is $107,000, Of This smount,

it is ostimabed that $15,200 will be roquired for the substations ond $10,700
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for the distribubion system. The estimated cost of all equipment neces-
sary for gasoline engine drive is $8,,,000. ‘Therefore, the electric noctor
drive is estimated to cost $23,000 more than the gasoline engine drive.
However, it is believed that the added expenditure is justified by the rew
liability, case of operation and low maintenance costs obtained by the use

of elcotric notors,.
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VII, STRUCTURAL DESIGN,

Ao GENERAL INFORMATIOW. -

ls Location,design grade, and loading, = The reinforced con-

erete flood wall will extend from the end of the wall now wnder conw
struction and known as the Initial Fiscel Year 1939 Unit, Holyoke,
Me.sS., to 1002 south of Tailrace Structure No. 10, Tailrace gate
structures occur at the following stations: Nce. 1 at Station

16475%, Wo. L at Station 25+90%, No, 6 st Station 35+60%, No, 7 at
Station LO+83%, No. 8 at Station LL+30Z, wo. .9 at Station 50+10w, Mo,
10 at Station 52+90:, Noe 11 at Station 55+90i, and Ho, 12 at Station
58+80i. Pumping stations will be incorporated as a part of Teilrace
Gate Structures Wos, 1, L, 7 and 10, The structures are designed to
resist a principal load coming from the assumed head of water taken
from 145 to 249 feet higher than the walls and therefore somewhat
greater than the Comprehensive Plan flood stagee This design head is
in accordance with instruections from the 0ffice of the Chief of Ingi~
neers, The walls could be raised by temporary breastwork, by sand
bags or flash boards at times of extreme floocd, In general, the |
secondasry loading is the ground f£ill on the land side of the walise
The walls vary in height from 86" to 37107,

2+ Type of wall, = In general, the "f" type cantilever wall

was selected as being the most economical for the height of wall necded
under the exisbing conditions. The sections of the flood wall adjacent

to the tallrace structuwres were of a buttress type due to the necessary
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increased heights For éome sections of the wall due to local conditions,
such a3 a building obstruction, an "L'" type cantileover was used as the
most practicable typecs Concrete facing wells were used at locations of
existing dikes,

Je Tailrace gate structures. = The concrete tallrace struc-

turcs were designed to resist a load cowming from a head of water, equiva~
lent to that used in the dosign of the wallse Tho structures were ine-
vestigated for stability for two cmditions of loadings ono with the
river at flood stoge and one with the river downe The conduit por-

tions of the structurcs were dosigned as rigid boxes loaded with maxie

mum prossures obtoinable,

Le Pumping stetionss - In the following design amalysis, the

pumping stations werce considercd an integrol pert of the tallrace gate
structures,

Be GENFRAL DESIGN DATA, -

1. tonerale =« The structural design of the structwroes have

been exccuted, in genecral, in accordance with standard practice., The
specifications which follow covor the condition affeeting the design
for stebility, rcin orced concrote and structural steole

2e Unit Weightse = The folloving uwnit weoights for materials

woro assumeds

Water 62,5 pounds per cubic foot.

Dry carth 100 pounds per cubic foot,
Saturated carth 125 pounds per cubic foot,
Concretc 150 pounds por cubic foot.
Structural steol 1i89.6 pounds por cubic foot,

3¢  Barth preossurcse - In computing acbive corth prossurcs
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equivalent fluid pressurcs computed by the use of Rankine's formulsa wore
useds They arc as follows:
@quivalent liguid pressure of dry carth = 35 pounds por
cubic foot. '
Raquivalent liquid prossure for saturated carth = 80
pounds por cubic foot.
In computing passive rosistoncos, Rankinots formula was

uscd with the cocofficient of internal friction = 35 dogrooss

Lhe  Hydrostatic uplift, =

e Riverside of sheet piling

Full head duae to hoodsnter.

be Londside of choct piling

(1) At landword toe, full hoad duc to fHallwator.

(2) At shcot piling, full.hoad duc to teilwator
plus onc=half the differcnce bebween headwaber and teilweter,

(3) At intermcdiate poimts, tho uplift was assumcd
to vary uniformly with the distonece from tho toce

. Overturninge. - The rosultent of all coxtornal loads, in-
£ s

e

cluding hydrostatic uplift ond oxeluding besec prossurc, does not fall
within the middle third uwndor cvory condition but under no condition is
the allowable beoaring valuc of the soil oxcocdods

6, Sliding, - The total horizontal forces duc te cxteraal
loads shall not cxcced tho resistance svedlable from friction and passive
rosistance. The cocfficicnt of friction used is 0.L5.

Te Bearing. - The total boaring prossure, equel to the sum

of hydrostatic prossurc plus the romaining cffcctive base vressuro, shall



in no casc oxeecd the maximum cllowable soll prossurc.
8., Frost covore - All footing bascs shall lic at lenst L Teet
boncath the grownd surfuce to cwoid heoowing by frost cotion,

Q¢  Path of percolations - Bxcept where steel sheot piling is

drivon to roclk, the minimum path of pereolation shall be dotormined as
follows: ‘inll with shcet pilc cubef and with filter on landside five
times the hood of wator for wall with stem up to 510" above the base

and four Limoes the head of wvnber vwiith sbom grooter thon 510" above the

104 Reix "orced concroboe = In gonoral, all recinferced cone

crote wos designed in cecordance with the "Joint Cede of the Americen
Concrote Imstitute and the Reindoreing Stecel Institute for the Design
of Comercte and Teinforced Concrobe® iscued in 1928 and the "Progress
Roport of the Joint Commitbteo on Stoadard Specifications for Concrote

and Reinforecd Concrcbo™ issued in Jonuary 1937,

Qe Adleovable sbrosscse ~ The cllowsble working stressos

in concrebe ars bascd on on avercge uwltimate compressive strength in 28

days of 3,L00 pounds per squars inch for Class . conercte and 3,000

pounds por.sguars inch for Closs "=" concrotes

be  Floxure (7. ), = Ibss DCr 5Qe 57
c ey -

— it e pepg. Ao vl

Bxtreme fidre stross in comprossion 800
Bxtrome fibre ztross in comprossion

adjocont to supports of continuous or f{fixed booms or

H

igid fromnes 900
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Ibs, per sg. in,

ce Shear (v), =

Pooms with noe web roinforecoment

and without specinl anchorage Lo
Berms with 1o web reinfereccnwnt but

vith spocial enchorage of longitudinal stocl 60
Boomas vilth properly designed web row-

inforcement and with spoeial anchorage of longltudinal

stool 180
Footings where longltudinel bhors have
no spocial anchorage 1o
Po tinpgs vhere loagitudinal bars have
spoeinl anchorage 60
& ond () -
Tn beoms, slabs and one way footings 100
“hore spoecial anchorage is provided 200
The above stresses are for deformed bars.
ce  Eearing (f.). -
“fhere o conercte mombor has an aréa at
loast twice the area in bearing 500
L Steul stresscse =
Tcnsion 18,000
Web reinforcement 16,000

gs Protcotive conerots covering, -

T
N

s
.
H

Type of mambors iimum cover in inches

Intorior slcbs 1-1/2
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Type of mombors Hinimum covsr in inches

Intorior booms 2
Mombors pourcd dfrcetly against the ground L
Hombors oxpos: * to corth or waber but pourcd
agalnst forms 3
For sccondory stecl, such as tumporatuwre and spacor steel,
the above minimum covor mey bo doercased by fho dizmotor of tho tomporas

turc or spacor stocl rodse

Ce  BASIC ASSUMPTION FOR DESIGN, =

Le Tailracoe gete structurcs, -

oe  Stabllitye ~ The sbability of tho gobte structuros

as a unit wos investigated for the iwworsce conditions of loading, nomely,
with the river ot flood stoge and also with the river at low stoges In
all conditions of loading, the base pressurcs were hoeld below the
allowablo,

be Rool slabs of pump housess = The roof slabs arc of

rcinforeced coneroto, They weore deosigned to corry the full doad load

plus o live load of L0 pounds por sguarc foot of roof surfrece

ce ilachinory room rloors, = Tho machinery room floers
woro designed to enrry all mobtors, ctes, actually to be placod on that
floor as vwell ns a uniform londe
The following assumptions wore mede for dosign
purposossy
{1) For tho floor slab, thc design loads wore the

cstimated deoand load plus o uniform load of 350 wvounds por sguare foot.
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(2% Tor rumevable sbecl floor plates, the dosign
londs wors tho celiated doend Iload plus o wnifom load of 350 pounds
per squaro foct.

(5} For the floor becas the design loads were the

o

astimated dend loads on the unoceupicd portion of the floor slabs which

contribute loads to the beomms undor considoration. For the mochinery

loads an impact foctor of 100 por cont hos been odded,

de  Pump room side vialls and Tloor slobe = In dosigne

ing the pump room side walls ond fleoor slabs, the cssunption vas nnde
that the side wolls, above the mochinery floor, are simply supported
ot the top cdges ond {ixed ot the basc,

Ce  Sunpse = The puaping stalion sumps wore dosigned
as closed horizontal rocivonguler fromos continuous ot oll four cormors,
oxcept for the porticns included in the dopth of the sump sluice gate
oponings, fhosc portions were deosignsd e horizonbal fromes hinged on
eoch sido of Ul slulec gobo openings. Thoe sump floor slabs and the
cxtonsions of those slabs to the londside of the structuros wore dom

signed for the net upmrd reccbions agoinst thom as well as for the

grovity loods wiich Thoy ore to support. The slabs were assuned os
sirmely supnorted oxcept whore condl@ons justificd assumptions of cone
Linuitye

feo Conduits, = Tho conduls poritions of the tailroce

<

structurcs wers &

2

"

selpned g righd

M

fromes o corry 4l maximun possible

H

5

loads from corth cover, horizontel corth thrust and naxinmum base pressurc.

Ce Vnllce =

e B ]
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{1} The rooy wall was designod to resist wn carth
load from the £ill on the landside and also a water lead from thoe river-

sido.

{2) The frord curtein wnll was designed to ro=
sist an ice prossure of 1,000 pounds por squore feot assumed to oet
over two fect giving o loading of 500 pounds per foote

he Bubbtrcsscse. = Tho buttresses wore designed os

centilevor boams carrying o lood of oncw-hnlf the spen of the condult,

2e Floond vwnllse = The roinforced concrate flood vwalls wors

assuned to act as cantilever walls, rosisting lateral forees in both
dircctions, The rogtreint of the shoot plling was nenlcoted,

ce Woll shbome =~ The stom wos dosipgned es o cantilevor

bear fixed ot tho top of tho basc suvport to carry the differontinl
load due to watoer prossure nnd corth pressurcs The landside face of
the stem was designed to carry the lood from the boackfill or railroad

for those scetions of the wall whore thosc loads oxists

{{ . Basc slobse = Both riveorside snd londside footings
wore designed as craobilevor boams fixed at the face of the stom,

3 Ming woells ot zobo structuros, = The reinforecd coneroto

ving walls wore assumed bo 2ot as buttress walls, resisding latoral

forces in both dircetions, The rosbraint of the sheot piling is neplected,
2e  Hell sbome = The stomwas desipgned to corry the

difforential load duc te woter pressurc end carth vrossure by boan action

to the butircsscss

be Londside base slabe - The landside Toctings wero

u-J_LO-



dosigned

ping up"

dosigucd

sist the

Sl&bs.

a8 boans simply supported ot tho buttrossos, due to the "stopw
of $ho bascs adjacent to tho structuroc,

e DRiverside basc slobs « The rivorside foobings wero

cs centllevor beams supporbted ot the face of the sbon,

de Buttresses. - Tho bubttrosses wore designed to rew
— el

corpressionnl tonsional and shearing forces induccd by tho
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VIII, CONSTRUCTION PROCEDURE

Ae SEQUENCE OF OPERATIONS. - It is assumed that construction

operstions will start about June 25, 19%9. It is expected that the total
consbruction work will be completed within L50 calendar days or by September
10, 19L0. The work may be divided into numerous aress and sections, It
i8 desirable to finish all the work from the upstream end of the job to
the Noe 2 Wasteway during the first season construction. However, as
many of the structures, downstream from No. 2 Wasteway, should be built
as 1s possible during tThe first construction season. During the second
season the remaining gate siructures, walls and dike shall be completed.
No work will be permitted on the earth dike during freezing weather,

No oonerete work will be permitted between NovemberIIS, 1639, and March
15, 1940, without édequate cold weather protection.

B. STAGE HYDROGRAPHS, - Stage hydrographs covering the past 20

years are given on Plates No. 10 and Nos 11 for the informetion and guidance
of the contractor, These hydrographs were plotted from records kept at

the Gill Paper Compeny and have been stage related to two other gages

in the zone of construction, located at the Municipal Gas Compeny and at

the Crooker DPivision oflthe Americen Wrilting Paper Company, These gages

are located on Plate No. 11,

Ce CONSTRUC. ON SCHEDULE, - It is proposed to have the consbtruction

work adhere as near as possible to the following schedules:

:No. of H iy : . :T .

Item Forking Doys : Unit ) Quantity N Daily Rate
Excavation : 200 Pous ydo! 60,000 300 cu. yd.
Steol sheet piling * 200 P osQ. ftet 136,000 ¢ B8O sq. ft.
Concrete : 190 P oCle Yot ?E,B Q ¢+ 115 cu. yd.
Barth dike : 20 : Cus yda, LG00 230 cu, ¥d.
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CONSTRUCTTON SCHEDULE

- 15 -

June 25, ( ™ +to September 10, 1940 -~ hSO Calendar Days
'Congﬁzgction : D081gna?;on i Time Limits g;é;;m:gzzziizies
: : 1559 $ 3

Structure (1) :Tailrace No. 1 & Wo. 2 sJune 5~ Sept.lt 60 : B70 e,y,
Structure (1) zTailrace Woe b ;Juljl%%%ct.IS; 60 f 700 c.y,
Stop~log (%) fTailrace N&. 5 ESepﬁ%ov.l 20 200 caya
Structure (U) -Tanlrace Mou6 and vingwall lc;.?,%“ zAug.‘:ZLE?"?’l?rov. 60 730 ey
Structure (L) =Tailrace No. 7 :Ju1j£%gEOct.l: &0 : 110C c.v.
Structure (4) iTailrace No. 8 :Jﬁlyl%ggapt.lf Lo : 130 Co¥e
Structure (l) ;Tallraco No. 9 =May 1 Lﬂle‘ 10 : L30 c.y..
Structure (1) fT&ilr&GC ¥o. 310 JulyT%QSopL l; 50} 1000 e.y.
Structure (L) :'llulrace No.1l amd wingwalls Junc ‘) “oept,1, OO ' 1120 cyy.
Structure (1) tfalmce No.12 and wingwalls Iy, Jdip . 4ot 60 1280 cuy,
stop-log (3) *stop-log Hos 1 ! o nel e, X185 cay
Structurs (1) fStop—log Ko 2 Aug-%gigept.l: 20 : Lo c.y,
Stop-log (%) :Stop-log Noe 3 Aug._lizgopt X 20 ; 60 cuye
Stop-log (%) :Stop;log Nos Lt ‘ Sept. -1ov. : Lo i 220 c.y.
stop-log (3) ’Stos-log Mo 5 Mar.-_r%—M a1’ B0 P 270 oy
Wall (2) :waﬂfStop-kg No.l—ﬁpstream | June AW%lEt. Lo ': L0 cuye
Wall (2) t¥ell-Stop-log o.1-Tailrace Ko.1 : Ad&%ov‘l Lo 11360 cuy,
st () TR T R T ey
Structure (1) :2:i%:§gf %ije% canal - fOct.l?d?ov.l Poeo f L80 c.yea
Wall (2) ¥§}%;§:gp§ifghmo. B ‘Mar.;%%%br.l . 20 . 300 cu.y.
Wall (2) ,Wall -Tailrace No.l - Bridge :Apr.l-%%he 15; Lo : 1150 c.ye
Wall (2) “Wall-Bridge~Stop-log Hoe 5 ;Junel OAug,.l; %0 . 800 c.y.
NGRS . "W ST ET
STl () et f T, 8o oy,
T () et w% s e e
R0 ORI E O 7 agdeen |0 110%0 o
?tructureﬁ(l) ‘Hﬂll—Tallrace WoelO =« Dike .Aug. - opt.l : 20 : 500 cayo
g’;ligcture‘i(l) * Embaniment - Dike :Aug.%%pt.l ' 20 :(Eig’gh)



The permenent steel sheet pile will be driven so as to keep aheod of the

concrete constrgction. The drainage system will be built during and follow-

ing tho wall cogstruction and before the dike construction, Installation

of equipment will be sturted as soon as possible in the finished structrues,
Two transformer stations are to be installed, one ab each cnd

of the project, (Sec Plate No, 24.) Erection of the upstream station will

be completed and in operation at the end of the first construction period

to did in the complete flood protection of the area upstream of No, 2

Wasteway, Complction of the downstream station and all interconnections

{sec Scetion VI B 3} will bo occomplished during the sccond working season,

1., Requiremcnts to be met, = The work shall bo carried on at

such places ond in such order es to meot the following requirements
relative to the time of shutdown of the various tailraces:

ne Tailroces No, 1 and No, 2, - Both can be shut down at

the somec time, Neither to be shut dovm at the same time sns Tailrace No, 12,

be Tailrace No, 4, Has no relation to the other t&ilraces,

Has no rclation to the othor tailracos,.

Ce Tailrace No, B.

ds Tailresce No, 7, « Not to be shut down at the some time

as Tallraces No, 1 or No, 2.

g+ Tailrnce No, 8, -~ Not to be shut down nt the seme time

as cither Iailraces No, 11 or No, 12,

fe Tailraces Yo, 9 and No, 10, - Have no relation to the

other tailrnces,

ge Toilraces No, 11 end No, 12,- Only onc of these to be

shut down ot a time,



Further discussion of the shutdwm period requirements will be
found in Paragraph D é of this Seetion VIII.

D. QONSTRUCTION DETAILS

l« PFoundation prepsration.-- This phase of work will consist

of all stripping, excavabion, sheeting and attendant necessary work to
prepare the foundations for the respective structures. 1In the case of

the tailrace structures, the work also will inelude temporary cofferdams,
Track adjustments will be done by the New York, New Haven and Hartford
Railroad Company, excepting the sub-base, bridge and trestle work required,
which will be done by the conbractor. Foundation excovation shall not
proceed too far ahead of the concrete construction.

2. Steel sheet piling. - Driving of the steel sheet piling

will be done before the conerete is placed. Driving of the steel gheot
piling wmder the railroad tracks will be effected with the lecast ameunt
of traffiec interruptions. The steel sheet piling will elso be in place

before the construction of the dikes begins.

3¢  Concrcte structurcs. =~ The flood wall will be cucted
in sections approximately LO feet long. In general, two pours will be
allowed, one for the base and one for the stem. The tailrace structures
will be built with regard to a minimum interference with industrisl
plant operations in .he affected areas, The stop-log structures will be
built so as to minimize railroad traffic interruption. Copper water stops
will be used in all expansion‘joints to effect a continuous watertight

protection, Back filling will follow the construction as close as possible,

but will not be done in freezing weather,
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L« Dike construction. - The earth dikes are a very small part

of the project and »ill be constructed during the second season. Impervious
and random £111 materisls will be obtained from excavations and from
approved borrow areas, The dikes will be bullt by the rolled {ill method,
The £ill will be placed by truck or crawler wagens and rolled by sheepsfoot,
cylindrical or disc rollers, as may be required., The élopcs will be

sodded and seeded when finishéd.

5 Installation of equipment. - As soon as possible, during

and after construction of the tailrace structures, the gates, pumps, motors,
vaelves, piping, switchboard and connections, the lighting system and

other equipment furnished by the Government will be installed., An attempt
will be mede to complete, for operation, that section upstream from No, 2
Wasteway dwing the first constructicn season.

6+ Local conditions and reguirements. - During construction,

it is impossible to avoid shutting down the various tailraces for a short
period of bime. To do this and to operate, the various plants must get
their power supply from other sources. To cooperate in shubtting dovm

the tailraces the vurious plants have submitted the following entailed

costs per day:

Tailraces and Plant Cost per day of shutdown
1 and 2 Parsons Dive - A.Ji.Ps Co, §231
A Holyoke Water Power Co. No cost
L Holyoke Municipal Plant No cost
5 Holyoke Water Power Co. No cost
6 Valley Paper Co. 200-2L0
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Tailraces and plant Cost per day of shutdown

7 Crocker Dive = A. W Pe Co. $260
8 Albvion Dive - A, W. P. Co. 113 |
9 Mt. Tom Div. - A, ¥, P, Co. 61
10 Nonotuck Dive - A« Wa P, Co. 79
11 Gill Div.-Upper - AJWePs Cos T3
12 Gill Dive-Lower ~ L, W.P. Co, 55

As We P, Coe means American Writing Paper Company.
The affected plants in the arca were contacted and the following

physical and discharge data were obtained:

(See Table on next page)
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HOLYOKE DIKE (Above Mosher Street)

Data regarding gate structures and mill tailraces

Gate 3 : ' : No, : :  vater used ¢ Time of Shutdovm,
Structure:Tailrace: Plants : of 1 No, : in CefeSe : - (dggs)
No. No, = ¢ Con~: of : Normal : e :
H : :duits:Gates: Power :Process: Initial : Final : Remarks
1 : 1 :Parsons Dive,AWePe ¢ & : 2 : 130 5 15 H B :
: 2 : " n teno. 1 H 60 0 3 ' :
4 : 4  :Hadley Hills; also 2+ 2 : 0O : O - 1 « 3Hot in use but some
: Holyoke V,P, Co, : : : : : : ' :drainage
* H :Holyoks W,P. Co,. : 1 : 0 : & o - : - tAbandoned as taile
: : : : : : : :rece -~ to be plugged
s : : : : : : swith 24-inch pipe
6 H 6 :Valley Paper Co, : 1« 1 : 425 : S = s + 8
7 : 7  :Crocker Div,,A.¥,P. 3 ¢+ 3 : 13 : O s
i 1 : _ : : : 130 O 2 8
e : : - : : : 150 s 8 s : :
' 3 : 8 :Albion Div,, AW, Pe ¢ 2 ¢ 2 1 120 : O 15 +« 8
s t ; L T : 170 6 : :
9 : 9  :Mt, Tom Dive,£,W,P, ¢+ 1 : 1 : 180 : 4 : 8 : 8 :Power discharge nor-
: : - : : : (530) : : : mally 180 sec.ft,,
s : H : : : : : :but inereases to
H H sobout 530 sec,ft.
: : : : H : H : sfor smergency power
10 : 10 :Nonotuck Div,,A%.P,: 2 : 2 : 230 : 4 : 8 : 8 :
3 : : : : 0 : : : :
11 :+ 11 :Gill Div,,A.W.P. : 1 1 190 : 6(1): 8 : B8
12 : 12 :Gill Div, ,A.%.P,. : 2 : 2 : 125 o : :
: : H H : o : (5] : 8 : 8 1
H H H H : M H H

Notes: (1) Total 6 c.f,s, for No, L1 end Ho, 12, Usually supplied by No., 12 penstoek but No, 11
would have to supply & sec, ft, when No, 12 is shut down,

* No gate structure but tailroce conduit to bes plugged, except for 24-inch pipe and valve
for drainsge,
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fe  Tyvical

assuned nethod of- construction of tailrace

structures, = In ordoar
e e —_———

power operation during

thet the industrial plants moy coatinue with water

consbruebion of the toilrace structurcs, nipo

flunes will be comneceted inside the cxisting tailroce conduits and oxe

tonded through the ceofferdons.

The hondgotes at the rospectivo plonts

will be elesed during the period reguired to install the pipe fluncs

ond again when the pipo flunes are romoved,

The generol eonstruction precedure will be about as

followss

le

10

11.

Teilrace Mo,

Close hoadgotes o the plants commected with the

tailrace condults in quostion,

Complote coffeordan and dewabter arcee onclescd,

Place concrete in the structure foobings,

Instell pipe flumcs to divord plent dischuargoss

Open hoadgates.

Complete boailrace structurc construction,
lose hoadgntoss

Renove pipe fluncses

Ldjust ond test flood gotose

Romove cofferdan and open headgatos,

Pinish installotions and structurcs.

Doto on flues

Longth of pipe

100 feoot

-

Dianmgtor

e

8 feot

g



Tailrace Noe Longth of pipe Dionmeter

————.

6 100 foot .9 foot
7 300 foot 8 fect
3 200 foot . g foob
9 200 foot Q9 feot
10 100 feoet g feet
11 100 feot 9 fog&
12 100 foot 8 fcc;

To noot conditions of the vroposced eonstruction progress, the following
longths and sizcs wore usced with the wderstonding thot the pipos would

be re=uscd whore possible.

Longth of pipe Diormetor
300 foot 8 feot
500 fecot 9 footk

Ee LABCRATCRY AND PIELD THESTS DURING CONSTRUCTION, =

ls Dikc constructions = The Seoils Loboratory at Providonce,

Rhode Tsland, oand the ficld sells laborotery of Neorthampton, Magspe
chusctts, will perforn the nccessary tests teo investigeote and rocord the
eharocteristics of the types of soil used in gonstruction, Tosts will

he performed td debermine the classification of solls, weter comtont,
donsity of naterial in pluce and compaction charachoristics of the borrow
nzterial. Supplencentery shear snd rerncabllity tests will also bo made.

Thoe dike canboankment will consist of twoe types of material, imporvious and

rondox: £311l,  Sorccened grovel mnd crushed stone will be used for the Yoo

w 50 m



draine The types of materials intended for ke £111, mnd plecoment of
these moborials, vii?l be subjeeted to clese conbrol boefore and during
constructicne

Ze Concrote constructions = Matericls uscd in the coucrcho

will Dbe tested ot the Centrol Conerote Testing Laboratery, Wost Point,
Wow Yorks Tho ficld tests will be usod prineipally for the conitrol of
the quality of concreto during constructions Facilitics will be 2vedl-
able for grading the argronntes, desizning nixes, rmaking of sluap tosts
ol for easbing and curing conercte cylindors for conpression tostse
Corient will be tested by o recognized testing leboratory and results of
these tests will be Imvm before the conent is useds Only onoe brond
will be uscd throughout, Mine and coorsce orawvel will be obiained fron
approved comrercinl sourcos.  Thoe omount of wotor used for cach beteh
of concrebe will bo 1.>rod.c'tormined. Tt will, in pgonoral, be the minduon

amount ncecessary Lo producce o plastic mixture of the strength specificd,

- Gl
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¥, SUHHGRY OF 00378

The grand total cost of the Fiscal Yoor 1639 Sszetion has boon
cstinated at 81,100,000, which includes 10 por cent for contlungoncics
and 15 per cent for erngincering snd cverhead, This cost has been
distributed as follews:-

As For construction contract hids-

le Preporotion and excovation for foundobions,

(including cofferdams and care of waber)ess § 106,100
2e Pormonent sboocl sheot piling sessssesesscaces: 172,000
Fe  Cunerate SEruclurcsS ascessessstssessassssssess 550?000
L'..' Dra:‘_'.‘fubc SJD'bOJi Ny YN NN Y PN RN Y Y ¥ T 37,000
5e Dikes Sorassserssbacesssiesrssrsebasrastanrre : 5,000
60' HMiscollanCoUS eeeessstesscsnsasessscnsssssvon !600

Total (Fiseal Yeoar 1939 Scetion COntract)ffsl,OOf},ooo

Bs For cgiivment to be furnished by the Unltoed
States P IR I N LN SRR RN OIS IO RRNESUEITIPIIOSE 69,000

Ce  For adjustments to the Radlroad by the United
STOUCE snesesssestsastssscesssssntassassssssstas ’),GOO

GRAND TOTAL COST {Fisepl Yoor 1939 Scotion) «81,100,000
le The preparption and oxecavation for foundations include
the preparstion of site, core ond diversion of water ond sowernge dur-
ing construction, common cxcovation, rock oxenvation and timbor and
stoel shocting nocossaryv,
2._ Permonent stocel sheet piling includes only tho stool
sheet plling.

3¢ Conerete structurcs include the core and support of tho



reilroad tracks during construction, random baekfill, cemont, concrete,
steel reinforcemont mnd copper water stops,

4. The droinoge system includes trench excowvation, gravel
bedding, rondom boekfill, rock drains, pipes and manholes complats,

6, Dikes include borrow excavation, fill required for ome
bankment, gravel bedding, rock drains, topsoil, sedding and seeding
and gravel for top of  dike,

8, Miscelloncous includes gravel bedding, roandom backfill
rock fill, ripran, rubblc masonry, pumping station featurcs obher then
conerete, tailrace gotos and accessorites, tollrace gnte hoists, sluice
gates ond hoists, treveling erancs, girdors ond sido rails, mis-
cellancous iron and stecl other thon in the manholes, miscellsneous
black steel pipe, clectric light systom, cablos and fibre conduits,
pull bhoxes, instnllation of equioment and materisls furnished by the
United States, timber stop-logs, gravel for roads, bituminous macadem
road surfocing ond cleaning up.

7. Egquipment furnished by the United States includes pumps,
motors, vonlves, piping, switchbonrds snd two transformer stations,

8, Adjustments to the railrond consists of removing and
relaying cbout 1,400 foct of track as nceessitated by thoe construction
work, The work will be done by the railroad and the cost will be paid

oy the United Stntes.
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Plate Noe

1 Projeet Loecation.

2 General Plan.

3 Subsurface BExnloration Ho. 1.

L Subsurface Exploration No, 2.

5 Subsurface Exploration No. 3.

& Subsurface Exploration Ho. .

7 Geologic Secticn.

8 Diagrem Showing Limits Of Soil Classes.
S Borrow Areas.

10 Hydrograph No. 1.

11 Hydrograiph Noe 2,

1z Analysis.Curvas Of Typical Materials In Borrow Areas.
13 Compuction Charaotefistics Of Borrow Materials,
4 Dike Details.,

15 Well Details Nee 1.

16 Wall Details MWo. 7.

17 Wall Details Wo. 9.

18 Dréinage Details No. 1.

19 Drainege Details Ho. 5.

20 Stop Log Wos 5.

21 Tailrace Ho. L - General Plan,

22 Tailrace Hoe 8 = General Plan,

23 General Arrangement Of Gate Hoists.
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Plate ¥o.

e el

2l Location Of Power And Pump Stations.

25 Punping Station Perspectiwve.

26 Tailrace Nos 7 - General Plan (Pumping Station No. 3).

27 Pumping Station No, 3 = Mechanical And Electrical Details.
28 Circult Diagram Of Pumping Stations.

29 Pumping Capaclty Curves For Pumping Station o 1l

30 Pumping Capeeity Curves For Pumping s'f:s:tioﬁ Noe 2.

31 Pumping Capaciby Curves For Pumping Station Noe %e

%2  Pumping Capacity Curves For Punping Station Noe le

33 Digbriet Organization Chaft.
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UNION VILLAGE DAM EXAMS. AND SURVEYS DRAFTING DRILLING PARTIES 185 | | AREANO.LFIELD SOILS LAB.

G.T.Morin, Asst. Eng. Aide

BOARD QF CONSULTANTS

W.H.Mc Alpine
L.F.Harze
4.0 Justin
W.F.UhI

SOILS GONSULTANTS

SURRY MT. DAM
J.Hortler, Assoc Engineer

HYDRAULIC DESIGN
E.Rock, Asst. Engineer

H.L.INSPECTION
W.G Thornton, Jr. Enginger

DRILLING PARTIES 2,384
J.B.Leroy, Surveymon

AREA NO.2,FIELD SOILS LAB.
J.Eastwick Asst. Eng Aide

KNIGHTYILLE DAM
AD Mugnier, Assoc. Enginser

MODEL. STUDIES
C.M.Morang  Asst. Enginesr

ADMIN. AND GLERICAL
Miss C.R.Cox, Clerk

MECHANICAL EQUIPMENT
H.).Kropper, Assoc, Engineer

FIELD SURVEYS
H.GC.Dreher, Asst.Engineer

STRUCTURAL DESIGN
J.C.Dingwall, Asscc. Engineer

DIKES
1.0.Thorley, Assoc. Engineer

A.D.Mugnier | Assoc. Engineer
J.Hartler | Assoc.Engineer
N.W. Honer | Assoc.Engineer
P.Honscomb | Asst. Enginser

HYDRAULIC LABORATORY
JALDEN HYD. LAB.,WORCESTER

Prof, C.E.Allen, Director

|| AREANO.3,FIELD SOILS LAB.

K.A.Linall, Asst, Eng. Aide

ORGANIZATION

pr.Glennon Gilboy
T.AMiddiebrooks

GHART

FLOOD CONTROL
ENGINEERING DIVISION
U.S.ENGINEER QFFICE, PROVIDENCE,R.L




